An acceptable estimate of the incidence of congenital heart disease in the general population of births is not yet available. Observations recorded at birth on series of consecutive births have given figures that are clearly much too low, which is scarcely surprising in view of the uncertainty of diagnosis in the newborn. Malpas (1937) found only 10 patients with heart defects among 13,964 births (0-7 per thousand) and DePorte and Parkhurst (1945) noted 142 in 300,795 births (0 5 per thousand). Estimates of incidence in patients examined post mortem (reported by Leech, 1935; and Potter, 1940 ; among many others) or in patients admitted to hospitals (Roberts, 1937; Thordarson, 1947) vary widely, and are equally unsatisfactory as indices of incidence in all births. Perhaps the most reliable data have been derived from examination of school children, for whom Sampson et al. (1938) , Rauh (1939) and Weiss (1941) gave estimates between 0d14 and 0-16 per thousand. These figures are of course unacceptable as an expression of incidence in the general population of births. Data recorded in the Registrar-General's Statistical Review of England and Wales indicate that the majority of deaths attributed to congenital heart disease occur before the end of the first year of life, and even when allowance is made for errors in certification it can hardly be doubted that early mortality is very high.
There is no reliable information about the life expectation at birth of affected children. Survival rates have, however, been examined for selected individuals who survived for some time after birth, for example by Ash and Harshaw (1939) for grouped cardiac malformations, and by Benn (1947) for patent ductus arteriosus.
In the present communication we record estimates of incidence and life expectation at birth based on all cases of congenital heart disease (633) identified at birth or later in a population of 199,418 total births. The main sources of error are (a) erroneous certification of cause of death in children who died without post-mortem examination or adequate clinical investigation, and (b) incomplete recording of children with minor malformations who survived. Reasons are given for believing that these errors are unlikely to prejudice seriously the reliability of the estimates.
Materials. We have attempted to obtain information about all cases of congential heart disease born in the years 1940-49 to mothers domiciled within the administrative boundary of Birmingham. Data were collected from the following sources.
(1) Records of all post-mortem examinations conducted in maternity, pediatric, and general hospitals in the city.
(2) Clinical records of all patients seen by consultant physicians or surgeons in the same hospitals.
(3) Records of all patients attending special schools or under the supervision of school medical officers in ordinary schools.
(4) Local Authority registers of stillbirths and neonatal and infant deaths. There were 633 cases which are classified in Table I according to the method of diagnosis. (i) Deaths wrongly attributed to congenital heart disease. We can probably accept the certification of cause of death as reasonably reliable in cases submitted to necropsy (236) or examined by a consultant physician (59). It is with the diagnosis in the 145 infants recorded in the infant death register who died without adequate clinical or post-mortem examination that serious difficulty appears. All of these deaths occurred within the first year of life (93 within the first week) and it seems quite certain that in some of them cause of death was incorrectly diagnosed. Table  III gives the distribution of the 145 cases according to place of birth and age at death, and strongly suggests that a number of deaths of children delivered at home were wrongly attributed to congenital heart disease. It seems unlikely that the incidence of affected would be higher in domiciliary than in hospital births (the incidence of congenital heart disease does not appear to be associated with maternal age or birth order, MacMahon, 1952), and, indeed, among the 212 children who died after the third day of life the proportion of hospital deliveries (40%*) is approximately the same as among 1086 controls (41%*) considered to be representative of all births in the city. But of the 92 children who died within the first three days, 71 were delivered at home, which is roughly 40 in excess of the number expected (31) assuming the relative proportions of domiciliary and hospital births to be the same in children who died before and after three days. In 60 of the 71 cases the diagnosis was unconfirmed. It is of course possible that children with congenital heart disease receive less effective treatment and consequently die earlier if born at home, but it seems much more likely that the high incidence of early domiciliary deaths from this cause is explained by errors in diagnosis.
If, therefore, we accept the incidence of first-year deaths in hospital births (of which the majority were confirmed post mortem) as reasonably reliable and assume that the incidence is roughly the same in domiciliary as in hospital births, the data suggest that the number of registered deaths is about 40 more than it should be. These 40 will be included among the 100 domiciliary births in which the diagnosis was unconfirmed.
(ii) Omission of patients who died without recognition of a congenital heart lesion. There is no means of assessing the number of cases lost in this way, but it seems unlikely that it is large.
(iii) Omission of patients who had not come to medical attention at the time of enquiry. We have no information about the incidence of cardiac malformations in children who survived more than 11 years without coming to medical attention. Moreover, for most of the 633 cases the length of the history is much less than 11 years, and for children born in 1949 it is less than 3 years (the enquiry was completed in January, 1952). By using the data available for the earlier years to give an expected incidence in the later years an estimate has been made of the number of cases lost because the histories were less than 11 years. Forty-two affected appear to have been lost for this reason.
To sum up: examination of the data upon which the estimate of incidence of congenital heart disease is based suggests that approximately: (a) 10 stillborn affected have been missed; (b) 40 first-year deaths were wrongly attributed to congenital heart disease; and (c) 42 more affected children would have been discovered if an 11-year history had been available in all cases. No estimate is made of numbers of deaths of affected not attributed to congenital heart disease; and patients who left the area or who reached the age of 11 without being identified. On the whole it seems probable that the estimated incidence (3-2 per thousand total births) slightly understates the true incidence. Table IV gives estimated death rates according to age, based on 628 liveborn children with congenital heart disease. The method of estimation is as follows. From the number of patients known to be alive at the beginning of each period (column 1) is subtracted the number lost (column 2) for reasons other than death during that period (for example patients lost sight of, or patients who had not reached the end of the age interval under consideration at the time of enquiry). The number subtracted is corrected for that proportion of the interval for which each patient's history is incomplete; this gives the number at risk of death during the age interval (column 3) of which the number of deaths during the interval (column 4) is expressed as a proportion (column 5). The death rates recorded in column 5 are somewhat irregular, but it must be remembered that the age intervals examined are of different lengths.
SURVIVAL
The age specific death rates from Table IV are used in Table V to give in life table form the estimated numbers of 1000 liveborn infants with congenital heart disease surviving to ages up to 10 years (shown in column 3). Of 1000 children alive at birth, 86 would be expected to die during the first day, leaving 914 alive at one day, of whom 207 would die during the remainder of the first week. Numbers alive at 1 month, 6 months, 1 year, and 10 years are 592, 391, 323, and 271 respectively.
We may now enquire to what extent these estimates are affected by the errors referred to above. Life expectation has been recalculated after (a) removal of 40 from the number of deaths under one week, and (b) addition of 42 to the number of children surviving to age 10 years (column 4). These changes were of course suggested by the considerations discussed earlier in the examination of incidence. The data suggest that of 10 affected children born alive, 2 die by the end of the first week, between 3 and 4 by the end of the first month, and 6 by the end of the first year. Between 3 and 4 survive to the tenth birthday. The adjusted survival rates have been used to calculate the incidence of children with congenital heart disease, which is expressed per 1000 children alive at the beginning of each period (column 5). For example, of 1000 children alive at birth, 3-2 are affected, as compared with 1-1 per 1000 children alive at 10 years. No allowance has been made for reduction in the related population because of deaths due to other causes, but the error that results is small.
ASSOCIATED MALFORMATIONS
In the present context we may consider briefly the frequency of association between malformation of the heart and other congenital malformations. For this purpose we have excluded the 145 cases recorded from the death register, for which data are incomplete. Table VI gives details of other malformations observed in 101 (21%) of the remaining 488 subjects. The commonest association is with mongolism, which was exhibited by 31 (6%) of the 488 cases. The nature of the heart lesion was known in 18 (of the 31); 14 were septal defects. The association of mongolism with atrial and ventricular septal defects was previously noted by Abbott (1927) and Silvy (1933) .
Except in the case of mongolism there is no noteworthy association with any other single malformation. Nevertheless, the incidence of other defects, for example of the central nervous system or alimentary tract, is of course much higher in children with congenital heart disease than in the general population of births. (1936) . Except in the case of patent ductus arteriosus, sex ratios for the various classes of malformation are different in the two series; but it must be remembered that numbers are rather small, and that Abbott's material can by no means be regarded as representative.
Sex ratios slightly above 50 have generally been reported in series of grouped congenital heart defects, for example by Leech (1935) , Abbott (1936) , Roberts (1937) , Gibson and Clifton (1938) 
